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© The method of forming a pattern on a substrate, 
comprising the steps of applying a film of thermo- 
plastic material under pressure to a substrate, apply- 
ing energy to heat said film at a surface thereof 
facing said substrate thereby to bond said film to 
said substrate, selectively etching areas of said film 
to form a predetermined pattern on said substrate, 
depositing on said substrate in the areas where said 
film has been etched a layer of patterning material, 
and removing from said substrate said film remain- 
ing thereon. There is also described the application 
of this method to the manufacture of a prlnthead of 
an array, drop-on-demand ink jet printer. 
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Method of Forming a Pattern on a Surface 



This invention relates to a method of forming a 
pattern on a surface. A specific application of this 
method is that of laying down, on a surface metal 
tracks for connection to an integrated circuit chip. 
Two known methods for effecting this are de- 
scribed hereinafter, one in relation to Figure 1 of 
the accompanying drawings and. a second method 
which is a variant thereof. The known methods are 
suitable for laying down tracks at high densities but 
are complex, involving large numbers, in excess of 
ten, steps. At lower densities, such as 5 to 20 
tracks per millimetre it has been found that sat- 
isfactory results can be obtained by employing an 
improved method performed in significantly fewer 
steps than the known methods and in some forms 
of the method of the invention in steps which are 
rapidly performed and which can all be dry process 
steps. The method of the invention can also ad- 
vantageously be performed in the manufacture of a 
drop-on-demand ink jet printhead made from a 
layer of piezo-electric material and having a high 
density array of parallel ink channels, the method 
here being employed both to effect deposition of 
metal electrodes on the facing side walls of the ink 
channels and to lay down tracks in alignment with 
the channels on an area of the piezo-electric ma- 
terial layer which adjoins the area in which the ink 
channels are formed and which respectively con- 
nect with the facing electrodes of the channels. 

The present invention, in its broadest aspect, 
consists in the method of forming a pattern on a 
substrate, characterised by the steps of: 

(a) applying a film of thermoplastic material 
under pressure to a substrate; 

(b) applying energy to heat said film at a 
surface thereof facing said substrate thereby to 
bond said film to said substrate: 

(c) selectively etching areas of said film to 
form a predetermined pattern on said substrate; 

(d) depositing on said substrate in the areas 
where said film has been etched a layer of pattern- 
ing material; and 

(e) removing from said substrate said film 
remaining thereon. 

Advantageously, the method includes forming 
an undercut along edges of said etched areas of 
said film so that said edges of said film remaining 
on said substrate overhang edges of said pattern 
on said substrate. Suitably, the method may also 
comprise forming said undercut by providing said 
film on the side thereof remote from said substrate 
with a further film layer having a different etch rate 
than that of said film and of a thickness so related 
to the etch rate thereof that said undercut is formed 
during said selective etching of areas of said film. 



In one form of the invention said film has a first 
thermoplastic bondable layer in engagement with 
said substrate and a second film strengthening 
layer on the side of said first layer remote from 

5 said substrate. Advantageously, the film is applied 
to said substrate by hot rolling action of a hot 
application roller. 

In a further form, the method of the invention 
consists in applying the energy to heat said film in 

io the form of radiant energy directed through said 
film for dissipation as heat at the surface thereof 
facing said substrate. Suitably the energy is di- 
rected through the film by infra-red lamps. 

In another form of the invention the energy to 

is heat the film is in the form of ultrasonic energy 
directed through said film for dissipation as heat 
energy at said surface of the film facing the sub- 
strate. Instead of heating the film at the surface 
adjacent the substrate by transmitting energy 

20 through the film, ultrasonic or radiant energy can 
be transmitted to the film through the substrate or 
by applying the film to a heated substrate. 

The method of the invention, in one embodi- 
ment, is characterised by removing by means of a 

25 high energy beam said areas of said film to form 
on said substrate said predetermined pattern. Suit- 
ably the high energy beam is a laser beam di- 
rected at said film by way of, preferably, a projec- 
tion mask, or alternatively, a contact mask, 

30 In another form of the method of the invention 

said pattern is formed by machining at least 
through said film. 

In a further form, the method of the invention is 
characterised by forming said predetermined pat- 

35 tern by applying to said substrate a film having a 
first bondable layer, a second film strengthening 
layer and a third layer on the side of said second 
layer remote from said first layer formed of photo 
resist material, exposing in said photo resist ma- 

40 terial said predetermined pattern, developing said 
photo resist to provide said pattern therein over 
said second layer and forming said pattern on said 
substrate by removing areas of said second layers 
on which said pattern is formed and areas of said 

45 first layer contiguous with said removed areas of 
said second layer. 

The invention further consists in the method of 
forming a high density multi-channel array prin- 
thead body of a drop-on-demand printhead, 

so characterised by applying to a layer of piezo-elec- 
tric material a film of thermoplastic material, apply- 
ing energy to heat said film at a surface thereof 
facing said piezo-electric material layer thereby to 
bond said film to said piezo-electric material layer, 
selectively removing areas of said film to form a 
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predetermined pattern on said piezo-electric ma- 
terial layer, depositing on said piezo-electric ma- 
terial layer in the areas where said film has been 
removed a metallised layer and removing from said 
piezo-electric material layer said film remaining 
thereon. 

Suitably, said pattern is formed on said piezo- 
electric material layer by sawing a multiplicity of 
parallel channels through said film and penetrating 
said piezo-electric materia! to provide in said piezo- 
electric material ink channels of said printhead. 

The invention will now be described, by way of 
example, with reference to the accompanying 
drawings in which: 

FIGURES 1(a) - (n) illustrate a sequence of 
procedures for conventional resist processing re- 
sulting in patterned vacuum metal deposition; 

FIGURE 2(a)-(f) shows a sequence of steps 
to effect deposition of patterning material according 
to the invention; 

FIGURE 3(aHe) shows the sequence of 
steps applicable to plating the channels of an ink 
jet printhead providing lift off of the plating over the 
top of the channel walls; 

FIGURE 4 illustrates the location of Section 
11-11 and Ill-Ill in the printhead corresponding to 
Figures 2 and 3. 

FIGURE 5 illustrates apparatus for bonding a 
film to a substrate in alternative manner to that 
illustrated in Figures 2 and 3. 

In the drawings, like parts are accorded .the 
same reference numerals. 

A conventional sequence of steps for resist 
processing resulting in vacuum metal deposition on 
a substrate in a predetermined pattern is shown in 
Figure 1. 

In the step 1(a) a substrate 1 is cleaned and 
treated to promote resist adhesion. Cleaning gen- 
erally involves solvent and chemical washing or r.f. 
etching: adhesion promoters are primarily spray or 
dip coatings of siloxane or silanol groups which 
react with absorbed surface water molecules. In 
step 1(b) a first thick film coating 3 of resist is 
applied. In view of the application of current inter- 
est, which is the deposition of tracks for mounting 
integrated circuit chips whose lead density is in the 
general range 1-100 tracks per mm. resolution, dip 
or spray resist application is effective. Step 1 (c) is 
a first pre-baking step to drive out the resist coat- 
ing solvents at temperatures in the range 120-180 
degrees C. 

In our co-pending European Patent Application 
No. 89309940.8 for a high density drop-on-demand 
printhead, a convenient procedure for actuator plat- 
ing was disclosed. This method required angled 
plating of channel walls. In order to ensure lift off of 
the plating and resist layer on the top of the walls 
after such a plating step, it is necessary to provide 



an additional stabilising layer which will overhang 
the resist layer applied in 1(b) after pattern etching. 

Step 1(d) in Figure 1 indicates the deposition 
of a metal layer 5, 1-2 um. thick by vacuum metal 

5 deposition to provide the necessary overhang at 
the periphery of the etch pattern and also, as will 
be described, an etch stop layer. Steps 1(e) - (g) 
essentially repeat steps 1(a) - (c) providing for the 
steps of cleaning and adhesion, deposition of a 

70 further overlayer 7 of a positive photo resist and a 
second pre-bake process. 

Optical exposure of the overlayer 7 through a 
contact mask 9 in step 1(h) develops the pattern of 
the eventual metal tracks in the resist, which is 

75 next developed by spray application of developer 
and rinses in step 1 (i), and dried in a further pre- 
bake stage to dry the patterned resist overlayer 7 
in step 1(j). The metal layer 5 (typically copper or 
nickel) is next etched by chemical etching to im- 

20 press the track pattern into the metal layer, as 
shown in step 1(k). The last preparative step is to 
dissolve or etch the first resist layer in the same 
pattern of tracks. This process is timed to margin- 
ally undercut and provide an overhang formed by 

26 the metal layer over the periphery of the pattern of 
tracks 8 to be deposited, as illustrated in step 1(1). 
Care is taken to clean the substrate surface prior to 
track metal deposition. 

Following this sequence of steps, in step 1(m) 

30 metal 1 1 1 which includes the tracks 8 is deposited 
in the channels formed in the resist layer 3 re- 
producing the track pattern exposed in step 1(h). 
Finally, in step 1(n) a solvent is applied which 
swells the residual resist effecting lift off from the 

36 substrate. The complete cycle to deposit the metal 
track pattern incurs 14 steps. This represents the 
application of practices used for track formation in 
integrated circuit manufacture. 

In a modified form of this known method in- 

40 stead of metal layer 5 there is deposited a negative 
photo resist coating after which a further pre-bake 
takes place. This overlayer of resist on develop- 
ment is hardened forming a layer which is able to 
resist dissolution of the first resist layer and so 

45 replace the metal overhang. In this case the track 
deposition involves twelve steps. Using wet chem- 
istry both these known processes create chemical 
wastes which have to be disposed of. 

The mean spacing of tracks in the application 

50 of interest lies in the range 5-20 tracks per mm. 
and is relatively coarse compared with prevailing 
practices using resists in integrated circuit manu- 
facture. Thus, for this and similar applications it is 
advantageous to have a simplified sequence of 

ss manufacturing steps which the present invention 
provides and which is described in relation to Fig- 
ure 2 which shows a section 11-11 of Figure 4 at 
various stages of the process. In the embodiment 
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described in relation to Figure 2 five or six steps 
are involved, and jt will be seen that wet chemistry 
process steps have been avoided in the preferred 
masking procedure. The invention is not however 
restricted to the use of dry process steps and, as s 
will be noted, wet process steps are mentioned as 
alternatives to certain of the preferred dry process 
steps. 

In step 2(a) the substrate is cleaned and deg- 
reased for which r.f. plasma etching is suitable. to 
Step 2(b) requires the hot roll application of a three 
layer thermoplastic film 10. In the film a base or 
first bondable layer 11 is a meldable or hot melt 
layer suitable to bond to the substrate 1 by rolling 
action of a hot application roller: a second layer 13 15 
of the film is a high strength sheet of polymer, for 
example, a stretched polyester, which provides the 
major part of the film thickness and strength. The 
third or top layer is then an overcoat 15 of a 
material which is more resistant to etching in step 20 
2(d) hereinafter described, than the first two layers. 
The presence of the third layer whilst preferable is 
not mandatory. The overall thickness of the film 
can be 10-50um. depending on the track resolution 
and plating deposition angles also referred to 25 
hereinafter. 

Step 2(c) introduces the impression of the track 
pattern into the bonded film by laser ablation. In 
this process the film is ablated by the application 
of high energy UV. pulses of light taken from an 30 
excimer laser, preferably through a projection pat- 
tern mask though a contact mask can be employed 
instead. Typically 0.5 - 1 urn of the film is ablated 
per pulse at rates up to 1-200 pulses per second, 
which provides a rapid manufacture procedure. 35 

Followi ng laser ablation of the track pattern in 
the film, the film is preferably further etched in sttp 
2fd) to form' an undercut 1 / by removing the firs t 
and second film layers laterally under the third 
layer resistant overcoat. The provision of an under- 40 
cut is not essential in all procedures according to 
the invention and, when not employed, the pres- 
ence of the third layer of the film is not required. 
The further etching can be effected by ion, r.f. or 
plasma etching where the overcoat is chosen to be 45 
more resistant to the etchant process than the two 
underlayers. These are dry vacuum etchant pro- 
cesses. Wet etching using appropriate solvents is a 
further option. A further potential process by which 
the tracks can be undercut in the film would be so 
laser ablation through a contact mask during rock- 
ing of both the substrate and film and also the 
mask. The rocking angle in this case will be the 
same or marginally greater than the plating angles 
in subsequent step 3(e) described in relation to 55 
Figure 3. The principal difficulty presented by this 
approach is the tendency for the mask to heat up 
and buckle away from the substrate during abla- 
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tion. This, however, can be overcome by applying 
a mirror coat to the contact mask or limiting the 
laser pulse frequency by ablating a number of 
components sequentially. If laser ablation is imple- 
mented to undercut the tracks it will be evident that 
step 2(d) can be performed as a continuation of 
step 2(c) if the latter step is carried out using a 
contact mask rather than a projection mask. 

A suitable three layer film is provided by the 
meldable Melinex* 301 and 343 made by Imperial 
Chemical Industries coated with a thin third or top 
layer of cured resin. The 301 and 343 films com- 
prise a first layer of polyester copolymer whose 
melt temperature is selectable for roll on applica- 
tion and a second layer of high strength, stretched 
polyester. 

Step 2(e) illustrates metal deposition of metal 
layer 19, in which the direction of vacuum metal 
deposition is shown by directional arrows 21. An- 
gled metal deposition which is a feature of the 
manufacturing process of the printhead described 
by reference to Figures 3 and 4 can also be 
catered for, provided the etch overhang is sufficient 
to facilitate lift off of the residual film. Figure 2(f) 
shows the final pattern of tracks 23 after lift off of 
the residual film by application of heat which soft- 
ens the melded bond layer and enables the resid- 
ual film to be stripped off. The overhang of the 
resist third layer ensures that the deposited metal 
over the top of the film is not connected to the top 
of the tracks, faciliating clean lift off. However, the 
metal layer deposited over the film and the ex- 
posed areas of the substrate are both mechanically 
strong, whereas metal deposited on the side walls 
of the ablated material is relatively thin. Conse- 
quently in some applications it is possible to strip 
off the film after plating when the undercutting or 
etching step 2(d) is omitted. 

Accordingly, by use of a customised melded or 
hot melt film in which a track pattern is formed by 
laser ablation, a new process of masking tracks 
nroduced bv vac uum metal aeo offmnn m rniativ/ftiy 
coarse resolution range of 1-100 per mm. Is pro- 
vided. The process has a reduced number of oper- 
ations each being fast and economic to implement. 
A further advantage is that the entire mask applica- 
tion and removal sequence can be carried out 
inside the metal deposition vacuum chamber and is 
able to be free of wet chemistry operations. 

The above masking procedure has also been 
found particularly suitable for plating the channels 
walls of the printhead described in European Pat- 
ent Application No. 89309940.8, in a process where 
the contact plating of the channel walls and the 
deposition of tracks for connection to a drive circuit 
are produced at the same time. The procedure is 
described by reference to Figure 3, which is sec- 
tion Ill-Ill of Figure 4. 
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Figure 3(a) shows a piezoelectric, PZT, sub- 
strate suitably for the printhead described in co- 
pending European Patent Application No. 
B9309940.8 or another suitable high density ink jet 
array printhead. This has been coated with a layer 
25 of Silicon Nitride (Si-N) which serves to harden 
the top surface to prevent chipping of the actuator 
walls in subsequent operations and to planarise the 
surface. It also serves to isolate tracks deposited 
on the substrate surface' from coupling through the 
high dielectric PZT as illustrated in Figure 3(e). The 
substrate 1 after coating with layer 25 is cleaned 
and degreased and the three layer film described 
above attached by hot roll application. 

For Figure 3(b) ink channels 29 are formed 
through the film and substrate generally as de- 
scribed in co-pending European Patent Application 
No. 89309940.8, by machining using abrasive discs 
hereinafter referred to as "disc sawing" or simply 
"sawing". The roll-on film is next etched, as shown 
in Figure 3(c), to form undercut 17 in the layers 11 
and 13 and form an overhang from the top etch 
resistant layer. The laser ablation step 2(c) is not 
applicable in the channel region since the channels 
and the overlaying film are cut together in the 
sawing ^p^ratinn Hnwfivfir, \\ will ha gpen in .fee 
sequence described under Figure 2 that the track s 
£3 which are required to connect with the oiatinQ 
on the cha nnel wans are formed by laser ablatio n 
of th e Ihree layer fllm.^ he channel region is there- 
fore masked during ablation. 

Angled plating is shown in Figure 3(d) and 3(e) 
and is as described in co-pending European Patent 
Application No. 89309940,8. (which is incorporated 
herein by reference). This causes the actuator walls 
to be plated as at 27. The film 10 over the walls is 
lifted or stripped off leaving the plating 27 as 
shown in Figure 3(e), the tensile strength of the 
plated layer on the film and the film itself being 
strong enough on application of heat to lift integ- 
rally the unwanted mBtal coating and film. A clean- 
ing operation is later applied. 

Figure 4 illustrates the plated channels an d 
trarWg j p a ^ r rQ V eo ^ irt " " f thfi prlnthftarl after the 
plati ng step. I 

— Referring Hbw to Figure 5, there Is shown 
therein an alternative way of bonding a film 51 to a 
substrate 50, which in the case of a shear mode 
actuated drop-on-demand printhead would be 
piezo-electric material. The film shown has a ther- 
moplastic bond layer 60 and a further film strength- 
ening layer 61. 

Although the film could comprise a single ther- 
moplastic layer, where an undercut is to be pro- 
vided at the edges of selectively removed areas of 
the film, the further film layer is desirable though 
not essential where etching and undercutting takes 
place by laser ablation accompanied by relative 



rocking of the laser beam and the film and sub- 
strate and is required when other methods of etch- 
ing are used to effect undercutting. 

For bonding the film to the substrate 50 the 

6 film and substrate is moved in the direction of 
arrow 54 past a guide tube 56 through which 
ultrasonic energy, suitably in the range 20-200 
KHz, Is directed through the film and dissipates as 
heat at the interface of the film and substrate so 

w that the film is softened at its surface opposed to 
the substrate. Pressure is applied as indicated by 
arrow 53 once the film and substrate have passed 
the guide tube 56 and the softened film is thereby 
securely bonded to the substrate. Instead of ultra- 

75 sonic energy there may be employed radiant en- 
ergy, suitably provided by infra-red lamps disposed 
to direct energy through the film towards the inter- 
face of the film and substrate. The film 51 should, 
preferably, be substantially transparent to the en- 

20 ergy which it transmits to that interface. 

Where undercutting of removed areas of film is 
effected with a film having layers 60 and 61, the 
further film layer 61 has to have a different etch 
rate from that of layer 60 and its thickness is 

25 chosen in relation to that of the layer 61 so that the 
etching takes place so as to leave the upper edges 
of the layer 61 overhanging the edges of the areas 
of the substrate surface to which the film is bonded 
from which the film 51 has been removed. 

30 It will be evident that roll on films consisting of 

numerous alternative materials or material com- 
binations can be developed to provide a convenient 
mask and lift off method for patterned tracks of 
metal plating or other deposited materials. 

35 Thus, for example, instead of forming the pat- 

tern in the film 10 by laser ablation or by sawing, 
the film may be provided with first and second 
layers as described and a third layer of photo resist 
on the side of the second layer remote from the 

40 first layer. In this case the desired pattern is ex- 
posed into the resist layer by means of a suitable 
mask and light source and the film is then devel- 
oped and rinsed to leave the desired pattern re- 
vealed on the second layer. These revealed pattern 

45 areas are then treated to effect removal of the first 
and second layers which they overlie with or with- 
out undercut by appropriate, e.g. wet or dry, etch- 
ant so that plating of the substrate with suitable 
patterning material can thereafter take place as 

50 described. 

Another method of removing the first and sec- 
ond layers to reveal the pattern on the substrate Is 
electroform etch back processing, a four layer film 
may be employed having the three layers de- 

56 scribed and a fourth metallised layer between the 
second and third layers. With this film the pattern 
is formed on the metallised layer by exposing and 
developing the third photo resist layer whereupon 
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removal of the revealed areas of the metallised 
layer and of the second and first layers imme- 
diately below those revealed areas is effected by 
the processes, known per se, of ion beam milling, 
or reactive ion etching. 

Undercut formation can be effected by other 
means than ion, r.f. or plasma etching or laser 
ablation which have been referred to. Thus wet 
etching or vapour phase chemical etching or photo- 
assisted chemical etching may be used. 

Suitable methods, which are known per se, for 
depositing plating material on the substrate are ion 
assisted electron beam evaporation, dual beam 
sputtering, magnetron sputtering, ion plating, plas- 
ma enhanced vapour deposition, photo-assisted 
chemical vapour deposition, cluster ion beam sput- 
tering, electroless plating or electrolytic plating. 

Removal of residual film after the plating stage 
may also be accomplished in a variety of ways 
apart from vacuum metal deposition mentioned, 
e.g. wet-etching of the first or first and second of 
the film layers, plasma assisted vapour etching of 
the first or first and second film layers, or heating 
in the presence of vapour to remove the first or 
first and second film layers. 



Claims 

1. The method of forming a pattern on a sub- 
strate, characterised by the steps of: 

(a) applying a film of thermoplastic material 
under pressure to a substrate; 

(b) applying energy to heat said film at a 
surface thereof facing said substrate thereby to 
bond said film to said substrate; 

(c) selectively etching areas of said film to 
form a predetermined pattern on said substrate; 

(d) depositing on said substrate in the areas 
where said film has been etched a layer of pattern- 
ing material; and 

(e) removing from said substrate said film 
remaining thereon. 

2. The method claimed in Claim 1. charac- 
terised by forming an undercut along edges of said 
etched area of said film so that said edges of said 
film remaining on said substrate overhang edges of 
said pattern on said substrate. 

3. The method claimed, in Claim 2, charac- 
terised by forming said undercut by providing said 
film or :he side thereof remote from said substrate 
with a further film layer having a different etch rate 
than that of said film and of a thickness so related 
to the etch rate thereof that said undercut is formed 
during said selective etching of areas of said film. 

4. The method claimed in any preceding claim, 
characterised in that said film has a first thermo- 
plastic bondable layer in engagement with said 



substrate and a second film strengthening layer on 
the side of said first layer remote from said sub- 
strate. 

5. The method claimed in Claims 4, charac- 
5 terised by applying said film to said substrate by 

hot rolling action of a hot application roller. 

6. The method claimed in Claim 1, charac- 
terised by applying the energy to heat said film in 
the form of radiant energy directed through said 

/o film for dissipation as heat at the surface thereof 
facing said substrate. 

7. The method claimed in Claim 6. charac- 
terised in that the radiant energy is directed 
through said film by means of infra-red lamps. 

?5 8. The method claimed in Claim 1, charac- 

terised by applying the energy to heat said film in 
the form of ultrasonic energy directed through said 
film for dissipation as heat energy at said surface 
of the film facing the substrate. 

20 9. The method claimed Claim 8, characterised 

by applying said ultrasonic energy at 20 to 100 
KHz frequency. 

10. The method claimed in Claim 1, charac- 
terised by applying said energy to heat said film by 

25 way of said substrate. 

11. The method claimed in Claim 10. charac- 
terised by applying said energy to heat said film by 
heating said substrate. 

12. The method claimed in Claim 10, charac- 
30 terised by applying said energy to said film by 

transmitting radiant energy through said substrate. 

13. The method claimed in Claim 10. charac- 
terised by applying said energy to said film by 
transmitting ultrasonic energy through said sub- 

35 strate. 

14. The method claimed in Claim 13, charac- 
terised by employing said ultrasonic energy at a 
frequency of 200 to 100 KHz. 

15. The method claimed in any preceding 
40 claim, characterised by etching by means of a high 

energy beam said areas of said film to form on 
said substrate said predetermined pattern. 

16. The method claimed in Claim 15, charac- 
terised in that said high energy beam is a laser 

45 beam directed at said film by way of a projection 
mask. 

17. The method claimed in Claim 15 or 16, 
characterised in that said high energy beam is a 
laser beam directed at said film by way of a 

so projection or contact mask. 

18. The method claimed in Claim 16 or Claim 
17, characterised by employing an excimer laser 
beam as said high energy beam. 

19. The method claimed in Claim 1. charac- 
55 terised by forming said predetermined pattern in 

said substrate by machining at least through said 
film. 

20. The method claimed in Claim 1, charac- 



6 



11 



EP 0 397 441 A2 



12 



terised by forming said predetermined pattern by 
applying to said substrate a film having a first 
bondable layer, a second film strengthening layer 
and a third layer on the side of said second layer 
remote from said first layer formed of photo resist 
material, exposing in said photo resist material said 
predetermined pattern, developing said photo resist 
to provide said pattern therein over said second 
layer and forming said pattern on said substrate by 
removing areas of said second layers on which 
said pattern is formed and areas of said first layer 
contiguous with said removed areas of said second 
layer. 

21. The method claimed in Claim 20, charac- 
terised by providing between said second and third 
layers a metallised layer on which said pattern is 
formed by developing said third layer and remov- 
ing said areas of said metallised layer on which 
said pattern is formed and said second and first 
layers immediately below said removed areas of 
said metallised layer/by ion beam milling. 

22. The method claimed in Claim 20, charac- 
terised by providing between said second and third 
layers a metallised layer on which said pattern is 
formed by developing said third layer and remov- 
ing said areas of said metallised layer on which 
said pattern is formed and said second and first 
layers immediately below said removed areas of 
said metallised layer by reactive ion etching. 

23. The method claimed in Claim 20, charac- 
terised by removing said areas of said second 
layer on which said pattern is formed and areas of 
said first layer contiguous with said removed areas 
of said second layer by wet etching. 

24. The method claimed in Claim 20. charac- 
terised by removing said areas of said second 
layer on which said pattern is formed and areas of 
said first layer contiguous with said removed areas 
of said second layer by electroform etch-back pro- 
cessing. 

25. The method claimed in any preceding 
claim, characterised by depositing metal on said 
substrate as the patterning material in the areas 
where said film has been removed to form said 
predetermined pattern. 

26. The method claimed in any preceding 
claim, characterised by removing said film remain- 
ing on said substrate by wet etching. 

27. The method claimed in Claim 1. charac- 
terised in that a plurality at least of said steps 
comprise dry process steps. 

28. The method claimed in Claim 1, charac- 
terised in that all said steps are dry process steps. 

29. The method of forming a high density 
multi-channel array printhead body of a drop-on- 
demand printhead, characterised by applying to a 
layer of piezo-electric material a film of thermoplas- 
tic material, applying energy to heat said film at a 



surface thereof facing said piezo-electric material 
layer thereby to bond said film to said piezo- 
electric material layer, selectively removing areas 
of said film to form a predetermined pattern on 

5 said piezo-electric material layer, depositing on 
said piezo-electric material layer in the areas where 
said film has been removed a metallised layer and 
removing from said piezo-electric material layer 
said film remaining thereon. 

70 30. The method claimed in Claim 29, charac- 

terised by forming a part "of said predetermined 
pattern on said piezo-electric material layer by ma- 
chining a multiplicity of parallel channels through 
said film and penetrating said piezo-electric ma- 

75 terial to provide in said piezo-electric material ink 
channels of said printhead. 

31. The method claimed in Claim 30, charac- 
terised by providing said film with a third resist 
layer on the side of said second layer remote from 

20 said first layer and forming in said film, prior to 
metal deposition an undercut at edges of areas of 
said film which were removed to form said pre- 
determined pattern on said piezo-electric material 
layer. 

26 32. The method claimed in Claims 31, charac- 

terised by angled plating with metal facing side 
walls of said channels. 

33. The method claimed in Claim 32, charac- 
terised by providing said predetermined pattern in 

30 the part thereof adjoining said plated channels as 
metal connection tracks each connecting with the 
plated side walls of a corresponding channel. 
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Fig. 2 (a) 
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Fig 3 (a) 
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